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Figure 1. DIN 912 Bolt specification.

1 1.95 7.8 5.85

2 2.05 7.8 5.75

3 2.25 7.8 5.55

4 2.65 7.8 5.15

5 1.95 7.8 5.85

6 2.05 7.8 5.75

7 2.25 7.8 5.55

8 2.65 7.8 5.15

-

-
-

w 
-

-

Figure 2. Effective plastic strains obtained by finite element modelling.
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ymin -

Figure 3. The technical drawing of the washers used in the experimental studies.

Figure 4. (a) Schematic fatigue test setup; (b) Torque-Tension test setup
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8 11667
9963 9751 

-

8 13096 12355 13956 13136

8 14578 13647 13542 13922

8 13593 11478 14395 13155

8 9653 10625 10224 10167

8 13529 13309 11911 12916

8 12485 13698 11732 12638

8 13482 12649 13471 13201

6 35987 39148 32573 35903

6 32267 36331 34395 34331

6 33175 32496 39756 35142

6 37924 35234 34279 35812

6 32443 41125 37631 37066

6 41125 33968 36773 37289

6 38425 35962 33521 35969

6 37049 39681 38197 38309

4 159873 146354 154255 153494

4 158632 152545 149862 153680

4 156974 148956 159841 155257

4 151608 152579 143207 149131

4 156321 165814 134964 152366

4 151284 147658 165874 154939

4 150327 141350 157965 149881

4 156365 148621 149358 151448

Table 3. Fatigue test results for M8x1.25 full thread 10.9 grade bolts.

Figure 5. M8x1.25 10.9 Full thread fastener fatigue test results.

Table 4.  Fatigue test results for M8x1.25 full thread 8.8 grade bolts.

7.5 17133 15498 16237 16289

7.5 16632 16753 15936 16440

7.5 17996 15634 15974 16535

7.5 16945 15893 16695 16511

7.5 16584 18941 17354 17626

7.5 16359 16578 17935 16957

7.5 15748 15981 16589 16106

7.5 17621 16954 17652 17409

6 26272 34222 32127 30874

6 28562 31698 29384 29881
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Figure 6. M8x1.25 8.8 Full thread fastener fatigue test results.

-

w

6 33692 31729 29231 31551

6 25691 29689 25637 27006

6 24328 29872 31931 28710

6 26827 29647 32194 29556

6 29173 26943 27615 27910

6 32945 34972 28345 32087

4.5 83402 119957 86605 96655

4.5 93671 97267 93641 94860

4.5 89378 105718 92059 95718

4.5 98961 93697 97617 96758

4.5 87571 102714 95639 95308

4.5 107625 98591 96174 100797

4.5 109632 96505 94126 100088

4.5 89391 95129 93074 92531

-
w

w

w

w

Table 5. Torque-Tension test results for M8x1.25 full thread 10.9 grade.

Failure Failure Failure

38.05 38.75 37.35 

36.15 43.40 45.05 -

40.10 40.35 41.15 40.53

41.60 42.75 42.45 42.27

35.40 31.30 43.30 -

42.60 40.85 40.10 41,18

42.30 40.50 41.00 41,27

41.65 43.85 42.95 42,82
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Figure 7. M8x1.25 10.9 Full thread fastener failure load comparison.

Table 6. Torque-Tension test results for M8x1.25 full thread 8.8 grade.

Failure Failure Failure

34.50 33.85 32.20 33.52

32.05 35.20 34.90 34.05

35.85 35.15 33.65 34.88

34.30 35.20 34.70 34.73

34.15 34.15 33.45 33.92

33.85 33.90 33.85 33.87

33.90 32.65 35.30 33.95

34.55 35.45 34.10 34.70

Figure 8. M8x1.25 8.8 Full thread fastener failure load comparison.

-

-



18    |    NORM FASTENERS AR-GE MERKEZİ YAYINLARI  |  2019 NORM FASTENERS R&D CENTER PUBLICATIONS  |  2019  |  19

Figure 9. Typical fracture surfaces of the fatigue failed 8.8 grade bolts with (a) higher

(7.5 kN) and (b) lower (4.5 kN) alternating loads.

Figure 10. SEM image showing the part of the fracture surface after fatigue failure.

Ratchet lines can be seen.

Figure 11. Fatigue failures observed from the head region.
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ymin -

-

 1

w

w

 2.

ymin

 3.

ymin

ymin

 4. -
ymin

-

Table 7. ymin values according to Thomala’s model.

Fastener Type As
(Stress area)

Dsch (Shank
diameter)

Dm (Socket 
drive

diameter)

X
(Shear 
ratio)

ymin

M8x1.25x50   
Full Thread 

10.9 DIN 912
36.6 mm2 7,1 mm 6,5 mm 0,65 2,72 mm

M8x1.25x50   
Full Thread 8.8 

DIN 912
36.6 mm2 7,1 mm 6,5 mm 0,62 2,60 mm

 5. ymin

ymin

-

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[9]
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Figure 1.  2D technical drawing of the product.
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Figure 2. a) 2D axisymmetric, b) 3D models.

Figure 3. Distribution of effective plastic strain on forging stages.

Figure 4. Schematic representation of the fourth stage.

Figure 5. Moving die; minimum and maximum principal stresses.

Figure 7. Revised tool design; minimum and maximum principal stresses.

Figure 6. Schematic representation of the moving design of fourth stage; (a) Current design,

(b) Split design. Part 1 and Part 2 are the split moving dies.
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Figure 8. Stationary die; minimum and maximum principal stresses.

Figure 9. Stage designs and final product obtained from the production.
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(a)

(b)

-

Figure 1. (a) Coils in polymer bath and (b) drying in furnace.
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Figure 2. (a) Schematic view and (b) technical drawing of wire-drawing die.

Figure 3. Technical drawing of conventional wire-drawing die.

(a) (b)

-

A0 Af -

Figure 4. Numerical model of wire-drawing process.

s-1 -
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-

-

(a) (b)

Figure 5. Accumulation of polymer coating on wire-drawing dies.

Figure 6. Technical drawing of revised wire-drawing die.

-

Figure 7. Effective plastic strain distribution after wire-drawing with; (a) conventional (C-WD), (b) redesigned dies (R-WD).

(a)
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(a)

(b)

Figure 8. Effective plastic strain versus z-coordinate of the wire.

-

(b)

(c)

(d)

Figure 9. Comparison of (a) drawing force, (b), (c) and (d) effective stress using conventional and redesigned dies.
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(a)

(b)

Figure 10. 

Figure 11. Wire surface condition after wire-drawing operation with redesigned die.
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Table 1.

1.3247 1,05-1,15 3,50-4,50 9,00-10,00 0,90-1,30 Mak.0,70 1,20-1,90 7,50-8,50

P/% 

1.2379 
(X153CrMoV12)

1,45-1,60 11,00-13,00 0,70-1,00 0,70-1,00 0,15-1,60 0,20-0,60 Mak. 0,03 Mak. 0,03
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Figure 1. Typical cold forging die system consisting of insert and stress ring.
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Table 1. Physical and mechanical properties of CTC50
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-
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Figure 2. Sample configuration for fatigue testing. Dimensions are in mm.

Figure 3. Surfaces of WC/Co samples after EDM-cutting with (a) one pass and (b) three passes.

The cross-sectional dimension is 6.50 mm x 5.25 mm.

-

-

Figure 4. SEM images of WC/Co samples after EDM-cutting with (a) one pass and (b) three passes.

White layer can be seen for the one pass EDM’ed sample.

Figure 5. SEM images of WC/Co sample after EDM-cutting through one pass.
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Figure 6. Bending fatigue experiments of WC/Co samples after EDM-cutting with one pass and three passes.
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